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Abstract Study was carried out to assess the
ecotoxicity and interaction of polystyrene (PS)
microspheres and trace element, cobalt (Co). Stage Il
nauplii of Amphibalanus amphitrite were exposed to
environmentally relevant (250 and 1000 particles/ml) and
future high (2000 particles/ml) concentrationss of 3um
PS microspheres in 3 different forms (unwashed, washed
and aged). Series concentrations of Co were prepared,
24h LD50 was determined and 0.01, 0.1 and 1ppm Co
concentrations were selected for use in individual and
combined toxicity assays. It was found that microspheres
of all types did not significantly affect the survival of
nauplii (Mortality<20%) at low concentrations. With
increase in no. of particles in the medium (upto 2000
particles/ml), treatments consisting of unwashed and aged
particles resulted in percentage mortality as high as 39%
and 56% respectively however washed particles were still
nontoxic. r. With regards to Co, mortality appeared to be
a linear function of concentration.. When nauplii were
exposed to a mixture of PS and Co, there was a shift in
percentage mortality either towards low or high.
Percentage mortality after combined exposure to Co at
0.01 ppm and unwashed/washed particles at 250
particles/ml was 13% and 37% greater than the mortality
at same concentration of Co alone however with increase
in no. of particles in the medium, a decrease in toxicity of
cobalt was observed. Antagonistic effect of microplastics
was more pronounced in the presence of aged particles
and when present at 2000 particles/ml, toxicity of 1 ppm
Co dropped down to half It is concluded that aging of
microplastics, which is a real environment scenario,
reduces the toxicity of cobalt even if present in higher
concentrations in the environment.
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1. Introduction

Plastics are widely used all over the world due to their
versatile properties. However, inadequate disposal
mechanisms and poor management of plastic waste is
leading to its accumulation in the environment. Plastics
ultimately end up in the oceans. According to an estimate,
150 million tones of plastic waste is present in the oceans
(Jambeck et al., 2015) amongst which particles <5mm

size, also known as microplastics, are the most abundant
(Eriksen et al., 2014).

Microplastics can be ingested by the aquatic organisms
and have the potential to move through the food chain.
Filter feeding organisms are highly wvulnerable to
microplastics pollution due to their non selective feeding
nature (Morphol et al., 2013). Microplastics have the
ability to sorb different types of contaminants present in
the aquatic environment thus it is important to study the
way microplastics alter the bioavailability of sorbed
contaminants (Sleight et al., 2017). Microplastics affinity
towards other contaminants depends highly on its
physical properties. Microplastics present in real
environment rapidly get coated with biofilm (Vroom et
al., 2017). Commercially available microplastics are
supplied in the form of solutions and contain different
additives. Different physical and chemical properties of
microspheres, due to the presence of biofilm and
additives, alter the way these tiny particles interact with
other contaminants. Leaching of unknown toxic
chemicals used in production and process additives (such
as antioxidant) from the virgin PS microspheres may also
pose significant toxicity to marine biota (Martinez-
Gomez et al.,, 2017). ,As microplastics used in the
laboratory and those present in real environment differ in
many aspects therefore to better understand the
environmental consequences of such particles, a
comparative insight into their toxicological potential is
required which will also cover the gap that exists so far in
microplastic’s research. . Present study investigated the
acute toxicity of polystyrene microplastics and cobalt , a
trace element, both individually and in combination. Aim
was to understand how different concentrations and types
of microplastics change the toxicity and bioavailability of
cobalt.

2. Materials and Methods
2.1. Microspheres Washing and aging

Red (3 um) fluorescent microspheres (density:
1.05g9/cm®) were obtained from Duke Scientific
Corporation in the form of an aqueous suspension
packaged as 1% solids and contained surfactants to
prevent aggregation and sodium azide to counter
microbial growth. In order to remove preservatives,
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microspheres were washed using the protocol of Cole and
Galloway (2015) with some modifications. From stock
solutions, 10,050,000 red microspheres were separately
added to 985 pl of HPLC grade water in a 1.5 ml
polypropylene tube. Microspheres were centrifuged at
6800 rpm respectively for 5 minutes after which 800 pl of
supernatant was withdrawn and replaced by the same
volume of HPLC grade water. This washing process was
repeated 4 times. Finally after removing 950ul of
supernate, 950 pl gravity filtered sterile aged sea water
(GFSASW) was added and mixed to get a secondary
stock of red microspheres. Working solutions of 250,
1000 and 2000 particles per ml were prepared.
Microspheres were aged according to Vroom et al.
(2017). From the stock, 15 pl of red microspheres was
added to tubes of 1.5ml capacity and washed using HPLC
grade water as mentioned above. After washing the
particles with GFSASW, aged sea water was added to
half of the tubes to facilitate biofilm formation. Samples
were mounted on wrist action shaker and mixed
continuously for 2 months. After two months, mixing was
stopped and aged samples were used in toxicity assays.

2.2 Preparation of cobalt solution

Stock solution (1000 ppm) of cobalt was prepared by
dissolving 1 mg of cobalt chloride in 1 ml of Milli Q
water (Karthikeyan et al., 2019). Working solutions of
0.01, 0.1, 1, 5, 10 and 15 ppm were prepared in aged sea
water using aliquot from the stock.

2.3 Acute toxicity assay

Adult barnacles were scrapped from floating docks at
Duke Marine lab during low tide and placed, soaked in
aged seawater (ASW), in the dark room with a point light
source at one end of the container to stimulate the release
and enable collection of larvae. Larvae concentrated
around light source were collected in 100 ml of aged
filtered sea water and used within 3 hours of their release.
Assay was conducted in 3ml glass tubes containing either
Iml of 22 micron gravity filtered ASW or exposure
solutions. Stage Il nauplii, 5-6 individuals, were
transferred to each tube using glass Pasteur pipet and
tubes maintained at 28 °C and 12:12 L:D conditions for
1,2,3 and 24 h. Mortalities were recorded after stipulated
time and specimens were preserved by addition of two
drops of 30% formalin.
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Oven combusted glass ware was used and surfaces were
properly cleaned with ethanol to avoid any
contamination.

3. Results and Discussion

Present study was designed to investigate the toxicity of
different concentrations and types of microplastics and
their effect on toxicity/bioavailability —of other
contaminants like cobalt. Microplastics of all types were
found to be non toxic (mortality < 20%) at
environmentally relevant concentrations (250, 500 and
1000 particles/ml). Polystyrene appeared to be
significantly toxic to barnacle nauplii when they were
exposed to 2000 particles/ml (Fig. 1). Percentage
mortality at the highest concentration of unwashed and
aged polystyrene microspheres was 40% and 60 %
respectively. Increased mortality at the highest
microplastic’s concentration could be due to increased
ingestion of microspheres. According to Caniff and
Hoang (2018), nauplii are likely to ingest more
microplastics if they encounter large number of particles
in the medium. Toxicity of unwashed particles may be
attributed to the presence of additives which not only
affects directly but also indirectly by keeping the particles
in suspension and increasing their bioavailability. Aging
results in the formation of biofilm and alters the physical
characteristics of microplastics. It is possible that aging
produced microplastics that were brittle and their
interaction with zooplankton resulted in enough damage
thus leading to significant mortalities. It is also reported
that zooplanktons prefer aged over pristine microplastics
and therefore their increased uptake could be linked to the
increased mortalities (Vroom et al., 2017).

Although cobalt is an essential trace element for many
biological functions however it is significant to
investigate the toxic effects of such metals as there are
reports of their presence in coastal environment in high
concentrations (Mansouri et al., 2015). Barnacle nauplii
were exposed to different concentrations of cobalt for 24
hours and LD50 was calculated (Fig. 2). LD50 was found
to be 4 ppm. Karthikeyan et al. (2019) also reported the
4ppm and 3.5 ppm as LC50 of cobalt for copepod and
mysid shrimp after 96 h exposure which reveals that
barnacle larvae is more sensitive to fluctuations in cobalt
concentration.

250 | 1000 | 2000 = 250 | 1000 | 2000

Washed Biofilm

Polystyrene (Particles/ml)

CEST2021_00526



Figure 1. Percentage mortality of nauplii Il after exposure to different
concentrations and types of polystyrene microplastics
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Figure 2. Acute toxicity of Cobalt to nauplii Il and determination
of LD50
Microplastics can interact with inorganic pollutants, survival of nauplii Il even in cobalt rich environment.

including trace elements like cobalt (Co) and many
others (Bradney et al., 2019) therefore co-toxicity of
microplastics and cobalt was assessed (Fig. 3)
Microplastics considerably reduced the toxicity of
cobalt and effect was pronounced when maximum
concentration of cobalt and microplastics were used.
Aged particles at 2000 particles/ml reduced the
mortality due to 1ppm cobalt by 40% while unwashed
and washed particles did not significantly alter the
toxicity of cobalt. Presence of not significantly alter the
toxicity of cobalt. Presence of biofilm fascilitated the
sorption of metal which made the metal less
bioavailable to barnacle larvae and resulted in
significantly lower mortalties.
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Figure 3. Percentage mortality of nauplii Il after combined exposure to Cobalt?
and A) Unwashed B) Washed and C) Biofilm covered polystyrene

microplastics.

4.  Conclusion

This study shows that microplastics individually have
no toxic effects. Contrastingly, cobalt showed
significant toxicity and mortality of nauplii Il was
greater than 50% at 4 ppm concentration. Toxicity of
cobalt considerably reduced when co-exposed with
microplastics. Biofilm mainly controlled the toxicity of
cobalt through sorption and resulted in increased

Findings suggest that microplastics remove the
inorganic contaminants from the medium which
positively affected the test organism in the study
however on the other side it may result in food chain
transfer of contaminants which needs to be explored.
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